Torres-Luque G, Sánchez-Pay A, Bazaco MJ, Moya M. Functional aspects of competitive tennis. J. Hum. Sport Exerc. Vol. 6, No. 3, pp. 528-539, 2011. Tennis is a sport that is characterized by intermittent dynamics, with intervallic moderate and high-intensity efforts due to repetitive actions of short-duration and high intensity. This review analyzes aspects such as the game's temporal structure, oxygen consumption, heart rate, lactate levels, and the effects of playing in heat. Knowledge of the contextual and functional characteristics of competitive tennis provides important information for improving the design of players training programs.
INTRODUCTION
Competitive tennis has developed greatly in the last few decades, justifying the proliferation of numerous research studies that attempt to determine the physiological and contextual demands that have the greatest impact on performance, with the objective of guiding training sessions and optimizing the profile of the tennis player, both those in their formative years as well as those in peak performance.
The objective of this study is to review the aspects related to the characteristics of tennis competition, including physical, contextual, and functional (anthropometric parameters, cardiorespiratory parameters such as oxygen consumption, heart rate, etc.), that can contribute to the tennis player's profile and consequently should be kept in mind when planning training sessions.
MATCH ACTIVITY
Tennis is a sport that is characterized by intermittent dynamics, with intervallic moderate and high-intensity efforts due to repetitive actions of short-duration and high intensity (Kovacs, 2007) . The continual repetition of short actions for a prolonged time results in the accumulation of total match durations that can vary between one and five hours, depending on whether the matches are played to three or five sets (Bergeron et al. Observing the large variability that exists in the duration of a point, it is understood that the number of hits per play is directly affected by this factor and therefore depends on variables such as the type of ball, the game surface (clay, hard court, or grass), the gender of the players, and the tactical strategy that they use (Fernández et al., 2006 In addition to this parameter, somatotype also intervenes in the tennis player's profile. Elliott et al. (1989) observed that both male and female 14-15 year-old players had ectomesomorphic somatotypes, in a sample of 120 adolescent tennis players. However, in the junior age group there was a difference by gender: males were mesoectomorphic and females were endomesomorphic. In a recent study of elite junior players, these somatotype profiles were corroborated (Sanchez-Muñoz et al., 2007), making evident that this parameter has not changed for players that are still developing. It is necessary to study more in depth the progression in peak performance and observe its involvement as decisive for performance. There are also differences in oxygen consumption according to game style. It has been observed that when a player is serving, offensive actions have average VO 2max values slightly higher than when the player is defending (30.8 ± 5.7 vs. 27.5 ± 5.1 mL·kg -1 ·min -2 (Smekal et al., 2001). However, it has also been observed that, depending on a more offensive game style (serve and volley) or a more defensive game style (baseliner) there are large differences. Defensive players have higher values when compared to offensive players (Bernardini et al., 1998), and those players that have a neutral game style have values somewhere in between.
MAXIMAL OXYGEN UPTAKE
The court surface also seems to affect oxygen consumption, though these data are somewhat controversial. For instance, Girard and Miller (2004) demonstrated that average values for oxygen consumption on clay courts are higher than on hard courts; however, Murias et al. (2007) demonstrated a lower fluctuation on clay courts, despite the fact that they observed higher values in other parameters such as HR, lactate concentration, and distance covered. This seems to provide evidence for the need for more studies about this subject in order to suggest how training should be oriented. However, it should not be forgotten that in tennis there are many short displacements, and lateral displacements are a constant in this sport. It is in these lateral movements where the highest VO 2max values are obtained (Williford et al., 1998).
HEART RATE
Tennis has a continual and intermittent characteristic, where players run short distances of roughly 3 m, with an approximate total of 8-12 m per point (Deutsch et al., 1998). This type of displacement is done at a high intensity, but the game's regulations require a 20 s break between points and a 90 s break when players change ends of the court (ITF, 2006), which means that the heart rate (HR) continually changes, increasing during play and decreasing during rest periods (Bernardini et al., 1998) Heart rate is influenced by various factors such as time of day and environmental conditions, and tennis is generally played in a warm environment (Kovacs, 2006b). Further, tennis has a high aerobic component mostly due to the breaks (Bergeron et al., 1991), although actual time in action is where the cardiac demand is highest due to the continual changes of direction, sprinting, hitting, etc., which demonstrates the performance level of the athlete. The variability is different in regard to the sample, but it is important to highlight that the HR is used in tennis training sessions as a control measurement of intensity. It is therefore important to understand this variability to be able to focus the sessions more specifically, as it would be more coherent to work with this variability when there are moments of high cardiac demand to be better prepared for the reality of tennis competition. As observed in aforementioned parameters such as oxygen consumption or HR, the variability of lactate concentration according to time of incidence in the match has also been analyzed. However, the reports have been contradictory, as some authors do not find differences in the concentration between the action of serving and that of returning the serve ( This application to training sessions is interesting, although it must be kept in mind that the level of lactate in the blood expresses in reality the relationship between the influx of lactate from the active muscles and the outflow of lactate from the blood toward the places where the processes of oxidation occurred. When the exercise activity is of moderate or low intensity, the rate of piruvate formation (which begins the production of future lactate) is in equilibrium with its speed of oxidation (Viru and Viru, 2003).
In tennis, the following are observed: large fluctuations in HR, values of maximal oxygen consumption on the court of approximately 50-60% of VO 2max , and lactate concentrations that do not exceed 4 mmol·L -1 , and it must be kept in mind that the regulations allow a rest period between points and end changes (ITF, 2006).
PLAYING IN WARM CONDITIONS
A tennis tournament often requires that athletes have to compete in several matches in one day (singles and doubles), and sometimes on consecutive days, being able to get to prolong this situation for two weeks (Bergeron et al., 2007). Many tournaments are played under high temperature and humidity, sometimes increasing thermal stress, can lead to problems of heat and hydration for tennis players, both from a performance perspective, as health and safety (Kovacs, 2009).
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Therefore, due to the continual intermittent, high intensity efforts maintained throughout the match, one of the aspects that most worries a tennis player is maintaining an optimal body temperature (Kovacs, 2006a). Despite the fact that tennis is not a sport that puts a player at risk, whenever it is hot though normal (Morante and Brotherhood, 2008), the aspects that stand out most are weight loss, sweat, plasma volume and electrolyte changes, as it is important that they remain as constant as possible during the competition so that other factors that are related to performance are not compromised.
Tennis players have a competition weight loss that varies between 0.5 and 1.5 kg, depending on the environmental characteristics, temperature, intake, intensity of the match, etc. ( Therefore, since players play in a hot environment during a prolonged time, and since they can have fluid intake, the process of hydration and dehydration is important for this sport and to prevent a possible decrease in performance. In fact, changes in plasma volume (PV) during moderate or intense exercise are due to liquid displacement from the intravascular space toward interstitial and intracellular compartments of the active musculature (van Beaumont et al., 1981). The changes in PV are quite variable as they depend on the fluid replacement of the athlete, but it has been confirmed that the increase or maintenance of the PV is possible in long-duration sports if an adequate fluid intake is carried out, which favors exercise execution and avoids dehydration (Houmard et al., 1991; Speedy et al., 2000) . On the other hand, it is interesting to emphasize that the changes in PV can change from negative to positive if the athletes are acclimated to the environmental conditions (Houmard et al., 1991) , which is common in tennis because of its competition system. However, the data are controversial due to such large variations that exist from one study to another. Along these lines, there seems to be consensus in tennis in regard to the lack of variation or increase in PV ( Electrolyte balance is associated with the hydration-dehydration process, keeping in mind that sweat usually involves the loss of large quantities of sodium (Na + ) and potassium (K + ), and the decrease in potassium is one of the causes of cramps that can limit tennis performance (Kovacs, 2006a) with its short, high intensity movements. In a study with adolescent female players, it was observed that with good fluid intake before and during the match, despite increases in Na, decreases in K, and weight loss, PV remained positive and did not limit performance in a match lasting 100 min (Torres-Luque and Villaverde, 2007).
In relation to sweat losses, it should be highlighted that Bergeron et al. (2003) observed sweat losses of 89.8 mmoL per hour of match, surpassing the average daily intake which was 87-174 mmoL per day, advising a daily intake of sodium calculated to avoid muscular cramps, which is very important in competitions lasting various days. In 1995, Bergeron et al. (1995) studied male and female players and calculated that in three days of tournament play in a hot environment, sodium sweat loss was 158.7 mmoL per day for males and 86.5 mmoL for females, and potassium losses were 31.3 mmoL per day for males and 18 mmoL for females. It was observed that with a controlled intake, it is possible to alleviate the negative effect in competition. Therefore, if the daily intake is adequate and the liquid intake during matches is monitored, electrolyte loss and PV changes can remain constant, which implies a guarantee of confronting practices and competitions with success.
CONCLUSION
Tennis is a sport with intermittent characteristics, but the temporal structure, HR, and VO 2 are modified in relatively constant intervals in relation to gender, court surface, and game style, and knowledge about these factors is critically important in order to prepare specific training sessions.
As tennis is generally played in a hot environment, there is weight loss due to sweat, which requires monitoring of fluid intake in order to lessen PV and electrolyte losses that can limit performance.
